Oversteepened Slopes Reinforced with Tensar Geogrid by Laier, James E. & Mattox, Robert M.
Missouri University of Science and Technology 
Scholars' Mine 
International Conference on Case Histories in 
Geotechnical Engineering 
(1988) - Second International Conference on 
Case Histories in Geotechnical Engineering 
03 Jun 1988, 10:30 am - 5:30 pm 
Oversteepened Slopes Reinforced with Tensar Geogrid 
James E. Laier 
Southern Earth Sciences, Inc., Mobile, Alabama 
Robert M. Mattox 
The TENSAR Corporation, Atlanta, Georgia 
Follow this and additional works at: https://scholarsmine.mst.edu/icchge 
 Part of the Geotechnical Engineering Commons 
Recommended Citation 
Laier, James E. and Mattox, Robert M., "Oversteepened Slopes Reinforced with Tensar Geogrid" (1988). 
International Conference on Case Histories in Geotechnical Engineering. 26. 
https://scholarsmine.mst.edu/icchge/2icchge/icchge-session5/26 
This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been 
accepted for inclusion in International Conference on Case Histories in Geotechnical Engineering by an authorized 
administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including 
reproduction for redistribution requires the permission of the copyright holder. For more information, please 
contact scholarsmine@mst.edu. 
Proceedings: Second International Conference on Case Histories In Geotechnical Engineering, June 1-5, 1988, St. Louis, Mo., Paper No. 5.21 
Oversteepened Slopes Reinforced with Tensar Geogrid 
James E. laier Robert M. Mattox 
Principal Engineer, Southem Earth Sciences, Inc., Mobile, Alabama Regional Engineer, The TENSAR Corporation, Atlanta, Georgia 
SYNOPSIS: This paper describes geotechnical design concepts used in developing 45-degree and 56-degree embankment slopes 
to meet strict stability criteria. Typical design sections are presented along with example stability computations to 
illustrate factors of safety developed under static and rapid drawdown conditions. This paper also discusses pertinent, 
site specific aspects of construction considered germane to successful, long term performance of oversteepened slopes 
at this site. 
INTRODUCTION 
This case history involves the use of TENSAR Geogrid as 
internal reinforcing for residual soils to permit safe 
construction of high, oversteepened slopes along the 
banks of a manmade lake in southwest Jefferson County, 
Alabama. The site, located in the Alabama Physiographic 
Province, is characterized by folded, sedimentary bedrock 
(shale and sandstone) of varying lithology, overlain by 
residual soils (silty sands and clays), with a differen-
tial surface elevation of 98 feet across the site. 
Originally, site developers proposed to construct a large 
hotel complex along the crest of a high ridge overlooking 
the lake. Initial plans incorporated a series of high 
retaining walls to confine the embankment from the crest 
of the ridge to the bank of the lake by forming a series 
of terraces. Cost estimates were prepared on a variety 
of wall systems including reinforced soil retaining walls. 
Based on the high cost of these wall systems, project 
planners decided to investigate the concept of construc-
ting a steep slope reinforced with TENSAR Geogrid. 
SOUTHERN EARTH SCIENCES, INC., -Working in conjunction 
with the slope contractor, United International, Inc., 
and with The TENSAR Corporation, designed a series of 
oversteepened, TENSAR reinforced slopes to replace the 
terraced wall concept along 900+ feet of waterfront on 
the northern perimeter of the site. 
SITE AND SOIL CONDITIONS 
The project site is located within the Alabama Valley and 
Ridge Physiographic Province which consists of a series 
of alternating northeast striking parallel ridges and 
valleys. The predominant geologic unit is the Pottsville 
Formation which consists of alternating beds of shale and 
sandstone with numerous coal seams and associated beds of 
underclay overlying sedimentary bedrock. Sandstones near 
the base of the formation consist predominantly of ortho-
quartzites with locally occurring beds of quartz pebble 
conglomerate. Sandstones in the upper part of the for-
mation are generally subdivided into subgraywackes com-
posed of quartz and metamorphic rock fragments. The 
sandstone of the Pottsville Formation typically weathers 
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to a clayey sand while the shale usually weath~rs to a 
clayey soil (1). 
Topography at the site is characterized by hills with 
steep side swales and valleys. Surface elevations typi-
cally range from a high of +510 feet (MSL) at the north-
west corner of the site, to a low of +412 feet (MSL) along 
the banks of Chase Lake Creek. Although the sands and 
sandstones typically absorb small quantities of water, 
steep surface slopes at the site facilitate rapid water 
runoff. Consequently, predominant drainage of the area 
occurs through surface runoff (2). For design purposes 
the hydrostatic ground water table was assumed to coin-
cide with the normal operating pool level of Chase Lake 
at approximate elevation +412 feet (MSL) • 
STEEP SLOPE GEOMETRY AND DESIGN PARAMETERS 
Site developers initially proposed to construct a large 
hotel complex along the crest of a high ridge at the site, 
overlooking Chase Lake at an average elevation of +460 
feet (MSL). Their initial plans incorporated a series of 
high retaining walls to confine the embankment from the 
crest of the ridge to the bank of the lake by forming a 
series of terraces. 
Due to economic and construction considerations associated 
with building high walls along approximately 900+ frontage 
feet of lakeside, project developers decided to investi-
gate the concept of constructing steep slopes reinforced 
with TENSAR Geogrid as an alternative design concept for 
the site. Ultimately, the developers contacted United 
International, Inc. with the prospect of constructing 
45-degree and 56-degree soil reinforced slopes in place 
of conventional wall systems. 
The design concept included analysis and design of three 
different steep slope sections. Figure 1 shows a typical 
Plan View of the embankment area, identifying the extent 
of each section. 
(1) Bhate Engineering Corporation Report, 1985, Page 6 
(2) Bhate Engineering Corporation Report, 1986, Page 6 
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Figure 1 
Typical Plan View of Embankment Area 













Soil stratigraphy and design soil parameters were deve-
loped from information provided by BHATE ENGINEERING 
CORPORATION (3). Table 2, below, summarizes soil design 
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Slope reinforcing materials were provided by the TENSAR 
CORPORATION and consisted of high tensile strength, high 
density polyethylene geogrids which are resistant to all 
chemical substances normally existing in soil. Table 3, 




Designation Type Design Strength (plf) 
A TENSAR UKllOO 1000 
B TENSAR UX1200 2000 
c TENSAR BXllOO 350 
The normal pool elevation of the lake was +412 feet. 
Hydrographic data, however, showed that the hundred year 
flood elevation was +425, hence the lower 13 feet of the 
slope would be subjected to saturation and to possible 
excess piezometric conditions created by rapid drawdown. 
The project developer established a minimum factor of 
safety of 1.30 for the slopes under rapid drawdown con-
ditions. 
METHOD OF ANALYSIS AND DESIGN 
All slopes were analyzed and designed using TENSAR guide-
lines and computer programs capable of incorporating soil 
reinforcement into stability computations. Circular arc 
sections were evaluated by the "Method of Slices" using 
the "Simplified Bishop Equation" (4) and irregular and/or 
wedge failure surfaces were evaluated using the "Janbu 
Equation" (5). Generally, a systematic series of wedges 
and arcs were considered during the analysis process 
using a trial reinforcement layout to determine the most 
critical combination of stresses developed in soil rein-
forcement for a particular combination of soil stratifi-
cation and slope angle. The analysis and design process 
continued, iteratively, revising and adjusting GEOGRID 
layout until a satisfactory solution could be achieved 
for both normal pool and 100-year flood criteria. 
Input data for both methods of analyses are as follows: 
1. A surface profile with the location of 
different soil types. 
2. Design soil parameters including den-
sities and effective stress strength 
values. 
3. A profile of ground water conditions. 
4. Externally applied loads. 
5. Reinforcement type geometry, ultimate 
tensile strength and allowable tensile 
stress. 
6. Parameters describing the bond between 
the soil and the GEOGRID reinforcement. 
7. Seismic forces. 
(4) Bishop Geotechnique, 1955 
(5) Janbu, European Conference, 1954 
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Once this data has been entered into the computer, a 
suitable reinforcement layout, providing Safety Factors 
greater than the specified minimums was rapidly and effec-
tively determined. Graphical output, showing minimum 
Safety Factors for each trial run were used in conjuction 
with a detailed printout listing reinforcement forces, 
margins against reinforcement bond and tensile failures 
and comparisons with permissible GEOGRID stress levels, 
to determine the final design type, quantity and layout 
of GEOGRID reinforcement for a particular slope configura-
tion. 
Figures 2 and 3 illustrate typical sections geometry for 
the 56° slope (section "B-B") showing GEOGRID reinforce-
ment and facing details. In Figure 2, the primary rein-
forcing was provided by TENSAR UX1200 GEOGRID and the .in-
termediate reinforcing consisted of TENSAR SS-1 GEOGRID. 
The purpose of the intermediate reinforcing was to handle 
stresses within the embankment material created for 
construction process and to facilitate compaction near 
the edge of the slope for the zones of soil lying between 
layers of primary reinforcing. The face of the 56° slope 
was wrapped with SS-1 GEOGRID which contained a layer of 
straw designed to impede erosion until the vegetative 
root map had been established (Figure 3). No face 
wrapping was required for the 45° slopes. 
TYPICAL SECTION FOR 68 DEGREE SLOPE B-B 
STA. 3-00 TO STA. 3-82 
PRIMARY REINFORCING GEOGRIDS UX 1200 
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Figure 3 
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Table 4 presents the minimum factor of safety for the 
final design of slopes on the project for the two condi-
tions studied. 
TABLE 4 
Minimum Factor of Safety 
Section Normal Pool Rapid Drawdown 
uA-An 1.64 1.45 
11B-B" 1.58 1.45 
nc-cn 2.06 1.60 
11 D-D" 1.63 1.35 
Cost estimates revealed that the above designs would re-
quire a material cost of $4.25 per square foot of pro-
jected slope height. These figures include the cost of 
both primary and intermediate reinforcing. 
CONSTRUCTION 
Construction of the project began in July of 1986 with 
the excavation of soft residual soil in the area of the 
toe of the slope along the creek leading into the lake. 
The excavation ranged from three to five feet in depth. 
While this area was being excavated and backfilled with 
competent material, the contractor setup a staging area 
to precut all reinforcing GEOGRIDS to the prescribed 
lengths. This step facilitated construction of the 
slope in that all reinforcing grids could be quickly 
placed at the prescribed elevation without slowing the 
construction process. D8 bulldozers were used to place 
fill material over the grids and compaction was achieved 
with large sheepsfoot and vibratory drum rollers. The 
contractor, UNITED INTERNATIONAL, INC., reported no pro-
blems in achieving compaction to the face of the slope 
using standard equipment. Rip-rap toe erosion protec-
tion was provided along the face of the slope to the 
hundred year flood elevation and the entire slope was 
covered with an erosion net to minimize surface erosion 
until the slope vegetation had been established. The 
construction .. of the steeped slope required two months 
and was completed in September of 1986 
CONCLUSION 
The difficult site conditions on this project were effec-
tively and economically handled through the use of an 
oversteeped slope reinforced with TENSAR GEOGRID. The 
owner reported a savings of approximately one million 
dollars when compared to their next alternative invol-
ving retaining walls. In addition, construction of the 
oversteeped slope was significantly faster than the pro-
jected construction rate for an alternate involving re-
taining walls. Standard embankment procedures were em-
ployed and no delays were encountered in the construc-
tion of the slopes. A recent inspection of .the parking 
lot area which extends to the crest of the slopes re-
vealed no cracking or pavement distortion of any type. 
It is therefore concluded that the use of the TENSAR 
GEOGRID as slope reinforcing is a viable cost effective 
alternative to handling differential site conditions and 
problems associated with instability. 
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